With the further development of natural gas exploration in Ordos Block, more and more recognition about Meso-Neoproterozoic strata and lithology combination were revealed by the combined application of geophysics and drilling well. Contrasted with the three major Mesoproterozoic rifts in NCC, the sedimentology, lithology, and geochronology research about the Meso-Neoproterozoic in the southwest of NCC is relatively scarce. It is the first detailed analysis about the deep structure of the Mesoproterozoic strata under the very thick Phanerozoic cover. Combined with the latest drilling well, geophysics, and geochronology data, the Mesoproterozoic stratigraphic sequence of the three major Mesoproterozoic rifts and the south-western NCC can be contrasted. The data and information in this study contribute a lot to the sedimentary framework reconstruction of the south-western part of the NCC, even the whole NCC.
| GEOLOGICAL SETTING
NCC is one of the oldest cratons in the world and has a complicated evolutionary history with multistage crustal growth (D. Y. Liu, Nutman, Compston, Wu, & Shen, 1992; B. Song, Nutman, Liu, & Wu, 1996; Wan et al., 2005; Shen, Geng, Song, & Wan, 2005 ; L. Z. Gao et al., 2005; Diwu et al., 2008; Geng, 2009; L. Chen, Sun, Diwu, & Wang, 2009) , and recorded nearly all important geological events in the early geotectonic history and Mesozoic era of the Earth (Wan et al., 2000; Wu, Xu, Gao, & Zheng, 2008; Zhai, 2010) .
There is still no agreement about the amalgamation model of the NCC. Some researchers suggested that NCC was amalgamated by several micro Archean blocks, such as Alxa Block, Jining Block, Fuping Block, Qianhuai Block, Xuchang Block, Jiliao Block, and so on, during 2,600-2,500 Ma in different ways (Geng, Liu, & Yang, 2006; Wan, Dong, Wang, Xie, & Liu, 2009; Zhai, 2001; Zhai, Guo, & Liu, 2005) .
While there is another major viewpoint that the ArcheanPaleoproterozoic basement of NCC was formed by the Western Block and Eastern Block collided with each other along the TransNorth China Orogen (Guo, Sun, Chen, & Zhai, 2005; Guo, Zhai, & Xu, 2001 ; S. Z. Li, Zhao, & Sun, 2016 ; S. W. Liu et al., 2005 ; S. W. Liu, Pan, Li, Li, & Zhang, 2002; Trap, Faure, Lin, Bruguier, & Monie, 2007;  Wilde, ; T. P. Zhao, Jin, et al., 2002; G. C. Zhao, Sun, Wilde, & Li, 2005) . In addition, there are still controversies about the collision time, such as 2.5 Ga (Kusky & Li, 2003; Polat et al., 2005;  W. Wang et al., 2014; Zhai, 2011; Zhai & Bian, 2000; Zhai & Santosh, 2011 ), 1.85 Ga (Guo et al., 2001; Guo et al., 2005 ; S. Z. Li et al., 2017;  G. C. Zhao et al., 2005 ; G. C. Zhao, Cawood, Wilde, Sun, & Lu, 2000) , 2.1 Ga, and 1.85 Ga (Trap et al., 2007 (Trap et al., , 2009 .
The distribution of the three major Mesoproterozoic rifts and the Meso-Neoproterozoic strata in the NCC. (modified after J. M. Hu, Gong, Wu, Liu, & Liu, 2014) . According to this study, the Mesoproterozoic stratigraphic sequence and lithology combination of the southwestern part of the NCC have high similarity with the Mesoproterozoic Changcheng System and Jixian System in the Xiong'er Rift and Yanliao Rift. If there existed a Mesoproterozoic rift in the south-western part of the NCC during the early stage of the Mesoproterozoic is still uncertain [Colour figure can be viewed at wileyonlinelibrary.com] After the final amalgamation of the NCC, the long-term multistage Late Palaeoproterozoic-Neoproterozoic rifting started on the metamorphic basements . Combining the abundant precise dating results, all the magmatic events can be assigned into four stages during the Late Palaeoproterozoic-Neoproterozoic :
(a) The 1.78 Ga Xiong'er Volcanic Province (XVP) and coeval North China giant mafic Dyke Swarm (NCDS) are the most important magmatic events occurring after the amalgamation of the North China Craton (He, Zhao, Sun, & Xia, 2009; NCC; Peng, Zhai, Zhang, Zhao, & Ni, 2004; Peng, Zhai, Guo, Kusky, & Zhao, 2007; Peng et al., 2008;  2010; T. P. Zhao et al., 2004; Y. J. Wang et al., 2004) ; (b) The prolonged 1.72-1.62 Ga anorogenic magmatic events closely related with continent rifting triggered by the~1.78 Ga Volcanic Province or mantle plume S. H. Zhang et al., 2007; ; (c) The 1.35-1.34 Ga Yanliao Large Igneous Province (LIP) related either to a mantle plume and/or continental rifting during breakup of the NCC from the Nuna (Columbia) supercontinent (Su et al., 2010; S. H. Zhang, Zhao, Li, Ernst, & Yang, 2017; S. H. Zhang, Zhao, Yang, He, & Wu, 2009) ; and (d) The radiating widely distributed 0.92-0.89 Ga diabase sills emplaced during the early Neoproterozoic continental rifting event (S. W. Liu et al., 2005; Peng et al., 2011; S. H. Zhang, Zhao, Ye, & Hu, 2016) .
All these magmatic events indicate that NCC had a close relationship with breakup of the Precambrian supercontinents (Hoffman, 1991; B. Hu et al., 2013; Karlstrom et al., 1997; Z. X. Li et al., 2003; Z. X. Li, Li, Zhou, & Kinny, 2002; Rino et al., 2008; Rogers & Santosh, 2004; Xu, 2001) .
During the multistage rifting process, there developed very thick Mesoproterozoic sandstone and carbonate units with several volcanic interlayers around the NCC, including the south-western margin. The south-western margin of the NCC is a part of the Ordos Block, which was bounded by Qinling Orogenic Belt to the south, Trans-North China Orogen to the east, Kondalite Belt to the north, and Helanshan
Mountains and Niushoushan-Guyuan Fault to the west (Figure 1 ; Dong et al., 2017; Z. H. Li, Xu, Liu, Yuan, & Hu, 2015) . The Ordos Block went through long-term rifting and sedimentation process during the Meso-Neoproterozoic era, steady tectonic evolution process in the Palaeozoic, development of the foreland basin in the Mesozoic, and fault and depression inside the Ordos Block during the Cenozoic (Z. H. Li et al., 2015) .
| SAMPLES COLLECTED AND ANALYTICAL METHODS

| Sample description
The sample HB103 was sampled from the residual sandstone and Qu (2014). All measurements were normalized relative to standard zircon 91500. Standard silicate glass NIST SRM610 was used to calculate U and Th concentrations. The data were processed using the ISOPLOT program (Ludwig, 1999) . 207Pb/206Pb ages was applied for zircons older than 1,000 Ma.
| Geochemical analysis
Samples QS1 to QS10 were collected in Jixian System from Qishan section in Qishan County, Shanxi Province. Samples QS11 and QS12
were collected from Jixian System in Shuiyan village section at Longxian County, Shanxi Province. In Qishan section at Qishan County, four dolostone samples (including QS1 to QS4) were collected One hundred and twenty analyses were made randomly from >1000 zircons from sample HB103 (Table S1 ). 105 data with concordant degree over 95% and analysis plots fall on or close to concordant line (Figure 8 ). The U and Th contents and Th/U ratios show large variations from 27 to 1,030 ppm, 5,830 to 927 ppm, and 0.0924 to 2.3165, respectively. (Table S1 ). According to the zircon structure and ratios of the Th/U, it can be suggested that most zircons are igneous zircons.
One hundred and twenty analyses were made randomly from >1000 zircons from sample HB103 (Figures 7 and 8 ). The ages of zircons are mainly Palaeoproterozoic and Middle Mesoproterozoic with range from 2,767 (#29) to 1,436 Ma (#49; Table S1 ). The Mesoproterozoic zircons yield age peaks at 1,511 ± 10 and 1,792 ± 7 Ma (Figure 8 ). The Palaeoproterozoic zircons yield age peaks at 1,862 ± 6 (n = 21), 1,950 ± 7, 2,067 ± 7, 2,199 ± 8, 2,328 ± 9, 2,408 ± 8, and 2,503 ± 5 Ma ( Figure 8 ).
The dolostone samples from Jixian System have ΣREE values ranging from 1.0-3.0 μg/g and LREE/HREE ratios ranging from 2.29-6.58 (Table S2 ). The REE patterns have marked negative Ce and Eu anomalies and LREE enrichment relative to HREE (Figure 9 ). Two samples from the residual sandstone above the Fengjiawan Formation have ΣREE values of 56.1 and 59.7 μg/g and LREE/HREE ratios of 6.33 and 5.75, respectively (Table S2 ). The REE patterns of these two sandstone samples have marked negative Ce and Eu anomalies and LREE enrichment relative to HREE (Figure 9 ). The content of Ce in dolostone (Table S2 ). The contents of Ce in the two residual sandstone samples above Fengjiawan Formation are 22 and 24 μg/g with average value at 23 μg/g (Table S2 ). Combining the seismic profiles around the whole Ordos Block and the stratigraphic sequence interpreted from core rock and log data, the sedimentation and distribution of Mesoproterozoic strata in the south-western part of NCC were mainly controlled by a set of NNE-SSW direction deep faults (Figures 11 and 12) . Unfortunately, the core rocks from 1980s drilling well have been lost due to improper preservation measures so that the precise age of the volcanics cannot be determined. Combining the Mesoproterozoic stratigraphic sequence revealed by field work or drilling well, there existed high similarity between the Changcheng System in the southwestern part of NCC and Yanliao Rift (Figures 6 and 10) . Overall, the Changcheng System in the south-western part of NCC is mainly composed of sandstone, shale, and volcanic rocks. The thickest Mesoproterozoic strata characterized by littoral-neritic facies shale, sandstone, and eruptive volcanic rocks mainly distributed from the centre to the west side of the Ordos Block (Figures 11 and 12) . At the east side of the Ordos Block, the Changcheng System mainly consists of littoral facies sandstone and the thickness becomes thinner (Figure 11 ). (Figure 14) .
At the centre of these rift basins, there always existed some soft- 
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